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 in lieu of detailed RDA information. Therefore, our
 results support the hypothesis that at least some con-
 sumers are reading nutritional labeling to obtain RDA
 information.
 IV. Conclusions
 The estimation of hedonic price functions for durable
 goods has proved to be a useful methodology. In this
 paper, we applied the methodology to breakfast cere-
 als, a nondurable good. We expect that for many
 nondurable goods, information describing the goods'
 characteristics will be lacking and hedonic price esti-
 mates will yield poor results. But for breakfast cereals,
 information is readily available, and our results proved
 useful for analyzing pricing policies, consumer pre-
 ferences, and the use of information and package
 labeling. The hedonic techniques could prove to be a
 practical method of measuring consumer response to
 disclosure of information, if the researcher gathers
 information on market prices and the characteristics of
 the good over several time periods to track the implicit
 prices of the characteristics for which information is
 disclosed. Combining this information along with
 knowledge of consumer preferences can reveal whether
 or not the information is used.
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 JOINT ADOPTION OF MICROCOMPUTER TECHNOLOGIES:
 AN ANALYSIS OF FARMERS' DECISIONS
 Wallace E. Huffman and Stephanie Mercier*
 Abstract-This study presents an econometric examination of
 the joint decisions of farmers on the adoption of a microcom-
 puter and (or) purchased computers services. The characteris-
 tics of a farmer-schooling, age, off-farm work-are shown to
 be important variables for explaining the odds of adopting
 purchased computers services only, a microcomputer only,
 and both computer technologies. Adoption of computer tech-
 nologies seems to occur in farming operations where they can
 be expected to greatly enhance the efficiency.
 Recent advances in microcomputer technology and
 availability of low cost microcomputers have greatly
 increased the potential for information storage and
 analysis by small firms. The use of on-site microcom-
 puters and of hired computer services can increase the
 profitability of farming operations (Sonka, 1983). The
 need for capability to utilize more sophisticated infor-
 mation and data storage and processing equipment has
 increased as U.S. farm businesses have become larger
 and more complex.
 This study examines the joint decisions by farmers
 for adopting microcomputers and computer services
 for their farm businesses. Purchased computer services
 are services acquired outside the farm, such as ac-
 counting or farm record analyses, that involve the use
 of a computer. These services do not generally require
 the use of a computer on the farm. A multivariate logit
 specification of this adoption model is fitted to data
 obtained from a survey on ownership and use of dif-
 ferent computer-related technologies. The results show
 that a farmer's schooling and his farm's structure have
 Received for publication October 21, 1988. Revision ac-
 cepted for publication August 21, 1990.
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 The authors thank Peter Orazem, Wayne Fuller, and two
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 important effects on the odds of adopting computer
 technologies.
 In the following sections, the decision to adopt new
 technology is outlined, then an econometric model is
 presented, the data are described, and the econometric
 results are discussed. Some conclusions are presented
 in the final section.
 Decision to Adopt
 Most studies of adoption have considered a single
 innovation that reduces costs or increases the produc-
 tivity of a narrowly defined activity. In agriculture,
 these studies began with an aggregate analysis of hy-
 brid corn adoption by Griliches (1957). Later studies
 have incorporated a dynamic element (Kislev and
 Shchori-Bachrack, 1973; Feder and Slade, 1984), un-
 certainty and attitudes toward risk (Just and Zilber-
 man, 1983), and human capital (Wozniak, 1984; Rahm
 and Huffman, 1984). Outside agriculture, Hannon and
 McDowell (1984) examine the effects of banking struc-
 ture on probability of adopting automatic teller ma-
 chines, and Levin, Levin, and Meisel (1987) examine
 the effects of market concentration in the food store
 industry on the adoption of optical scanners. Firms
 operating in more concentrated markets are more likely
 to adopt these new technologies than other firms.'
 A few studies have considered the joint adoption of
 multiple technologies. Nerlove and Press (1973) and
 Feder (1982) examined the joint adoption of several
 inputs associated with the Green Revolution (e.g., use
 of new crop varieties, commercial fertilizer, irrigation).
 Wozniak (1984) considered the adoption of feed addi-
 tives and growth hormones for beef cattle.
 A microcomputer has potentially widespread use in
 a farming operation, e.g., for hedging and forward
 contracting, controlling irrigation systems and livestock
 feeders, keeping farm records, preparing tax returns,
 and determining least-cost input combinations. Pur-
 chased computer services do, however, tend to be
 tailored to particular needs, e.g., record-keeping and
 management of dairy herds.
 Most uses for computers and computer services in-
 volve data that are specific to individual farm opera-
 tions, i.e., private data. Although public data are gen-
 erally available at minimal direct cost, the survey on
 which this study is based suggests that few farmers
 incorporate this type of information explicitly into their
 information systems (Yarbrough and Scherer, 1984).
 Instead, farmers seem to focus on data about inputs
 they utilize and the outputs they produce, including
 their prices.
 The Econometrics of Joint Adoption
 The Model and Hypothesis
 Farmers are assumed to make decisions on adoption
 of microcomputer technologies by comparing farm
 profit from different outcomes. Let irj = ZP(j + ,j,
 where 7rr is stochastic farm profit associated with the
 jth computer technology outcome, Z is a (1 x k) vector
 of prices and environmental variables, Pj is a (k x 1)
 vector of unknown coefficients, and ,j is a random
 disturbance term. There are four possible outcomes:
 j = 1 when neither computer technology is adopted,
 j = 2 when only purchased computer services are
 adopted, j = 3 when only a microcomputer is adopted,
 and j = 4 when both computer technologies are
 adopted. Define
 Dij = 1 if trij = max(ti1,s ri2 "ri3l "ri4)
 0 otherwise
 1, ... ., n; j = 1, . . , 4. Thus, Di3 is a dummy vari-
 able taking a value of 1 when the adoption of only a
 microcomputer results in largest farm profit.
 When the random disturbance Aj has density func-
 tion f(A) = exp(-j - eli) and distribution function
 F(Aj < A) = exp(-e -), the probability that the ith
 farmer makes the jth choice on computer technology
 can be written as a multinomial logit function
 (Maddala, 1983, pp. 60-61):
 4
 Pr(Dij = liZ) = ezA i/ ezt13P
 i= 1,...,n; j= 1,...,4.
 Then the natural logarithm of the odds in favor of the
 jth choice (for i > 1) relative to the first choice is
 ln( Pil/Pi) = Zi(f3i - 131) = Zi-8j3
 where fjl is a k x 1 vector, and 8j13 represents the
 marginal effect of the llh variable on the natural loga-
 rithm of the jth technology choice relative to the first
 one. This specification has the advantage of accommo-
 dating a relatively large number of choices. It has the
 disadvantage of requiring that the Aj's be independent
 or that the odds associated with making any two
 choices, say q and r, are unaffected by adding to the
 total number of choices.
 The available data for defining the Z's do not con-
 tain farm-specific prices but do contain information on
 environmental variables that enter the profit function.2
 Output and input prices are not expected to be a major
 factor for explaining adoption when farmers in the
 sample are located in a relatively small geographic
 area.
 'Other studies include Mansfield (1963); Romeo (1975);
 and Bartel and Lichtenberg (1987).
 2 Data are not available on farm profits for different out-
 comes.
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 A farmer's microcomputer and purchased computer
 services could be complements or substitutes. If they
 are strong substitutes, then farmers are more likely to
 adopt either a microcomputer or purchase computer
 services relative to not adopting either computer tech-
 nology. If they are complements, then both could be
 used by the same farmer.
 A microcomputer has extensive potential as a man-
 agement tool, and this too is believed to be enhanced
 by formal schooling. Educated farmers can more easily
 learn to use a microcomputer and its accompanying
 software. Specific experience with the technology is
 important for both adoption and implementation
 (Bartel and Lichtenberg, 1987). This type of experience
 is highly correlated with more education. Purchased
 computer services require less skill of the farmer be-
 cause the vender is providing part of the skill. How-
 ever, additional schooling is expected to increase the
 odds of adopting purchased computer services, as well.
 If farmers are not capital constrained and take fu-
 ture generations' welfare into account, the primary
 effect of age is on the likelihood of prior experience
 with computers. Younger farmers are more likely than
 older ones to have experience using computers and
 computer information in school. This tendency implies
 a larger odds of adopting computer technologies for
 younger farmers.3
 Record keeping is important to efficient dairy pro-
 duction, and a number of cooperatives and farm supply
 firms offer record keeping services. Farms having a
 dairy enterprise are expected to have a larger odds of
 using purchased computer services.
 In general, complex farming enterprises are difficult
 to manage efficiently. A microcomputer or purchased
 computer services can aid in record keeping and man-
 agement. Other things equal, greater complexity of the
 farming business is expected to increase the odds of
 adopting computer technologies. Operators of larger
 farms are also expected to have larger odds of adopting
 computer technologies.
 One substitute for a larger farming operation (espe-
 cially livestock) is off-farm employment of the farm
 operator. Farm operators who participate in off-farm
 employment have smaller farms on average, which
 reduces the benefits from a microcomputer as a farm
 decision tool. They also may have a higher opportunity
 cost of their time which increases the costs. These
 arguments suggest that a larger odds of off-farm work
 will reduce microcomputer adoption.
 There are transactions costs associated with finding
 and learning to use a microcomputer and finding com-
 puter services. When these costs are lower, the odds of
 adopting will be increased. The last two variables are
 associated with transactions costs of acquiring and
 learning to use a microcomputer. These costs are ex-
 pected to be larger when farms are farther from cities
 or when per capita county income is lower.
 Data
 The model is to be fitted to data from a sample of
 Iowa farmers obtained by merging two panel surveys
 conducted by the Journalism and Mass Communica-
 tion Department at Iowa State University. The surveys
 were conducted during 1982-84.4 For these data, sam-
 ple mean values for the decisions on microcomputer
 technology outcomes, D,-D4, are 76.4%, 15.3%, 4.1%,
 and 2.1%, respectively.
 The farm operator is assumed to be the primary
 decision-maker, and an adopter is defined as using a
 microcomputer or purchasing computer services. The
 following variables were defined for explaining adop-
 tion:
 SCHOOL is farmer's schooling completion index;
 a 1 if 1-8 years, 2 if 9-11 years, 3 if 12
 years, 4 if some college, and 5 if college
 graduate;5
 AGE is farmer's age; AGESQ is AGE
 squared;
 DAIRY has a value of 1 if a dairy enterprise is
 present and 0 otherwise;
 FMCMPX represents complexity of farm decision-
 making; 0 if small cash grain farm, 1 if
 small diversified farm, 2 if medium sized
 farm, 3 if large cash crop farm, 4 if
 large livestock farm, 5 if large diversi-
 fied farm;6
 ACRES is acres operated;
 POFF is predicted probability of off-farm work
 by farmer (see Mercier, 1988).
 GPRICE is local county average grain price in-
 dex;
 RENT is cropland rental rate for local crop
 reporting district;
 URBAN is a dummy taking a value of 1 if resi-
 dent in a county having a city with pop-
 ulation >10,000, and 0 otherwise;
 3 If there is a credit constraint and farmers plan for only the
 current generation, then the highest probability of adoption
 will occur for middle-aged farmers.
 4The data for this study consist of observations from surveys
 of random samples of Iowa farmers and from surveys of
 farmer microcomputer owners. The two types of surveys were
 combined using weights derived from a post-stratification
 sampling technique. See Mercier (1988) for details.
 5Alternatively, schooling effects could be entered as four
 separate dummy variables. Marginal effects are, however,
 more difficult to interpret.
 6 Dairy cattle are excluded from the farm complexity vari-
 able. See Mercier (1988) for exact definition of FMCMPX.
 Alternatively, four separate dummy variables could be used to
 represent this information.
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 TABLE l-MUI.TINOMIAI LOGIT MODEIL: PROBABILITY OF ADOPTING COMPUTER
 TECHNOLOGY BY IOWA FARMERS, 1982-84 (n = 2381)
 Adoption Outcomes
 Weighted Computer Micro- Computer
 Means Services computer Services and
 (std. dev.) Only Only Microcomputer
 SCHOOL 3.24 0.52a 1.10" 0.84 i
 (1.18) (4.43) (8.39) (5.3)
 AGE 48.84 -0.03a -0.04a - 0.07a
 (13.59) (-4.0) (-3.6) (-4.8)
 AGESQ 2,571.4 -6 x E-5 3 x E-4 -0.003a
 (1,357.3) (-0.14) (-0.46) (-2.9)
 DAIRY 0.097 0.933a 0.303 0.737
 (0.30) (3.58) (0.72) (1.81)
 FMCMPX 1.091 0.304'i 0.3551 0.405a
 (1.23) (5.6) (6.27) (4.25)
 ACRES 429.03 2 x E-5 7 x E-5 6 x E-5
 (910.87) (0.35) (0.92) (0.79)
 POFF 0.28 -0.95 3.45a 1.88
 (0.45) (-1.0) (-2.6) (-1.2)
 CPRICE 100.25 -2 x E-3 -1 x E-3 -7 x E-4
 (2.20) (-1.2) (- 1.0) (- 0.4)
 RENT 106.39 -4 x E-3 -1 x E-3 -2 x E-3
 (13.01) (-0.6) (-1.5) (-0.2)
 URBAN 0.246 0.038 - 0.073 0.048
 (0.43) (0.20) (-0.30) (0.18)
 PCINC 10,356.2 -4 x E-5 2 x E-4a - 1 x E-4
 (1,262.0) (-0.6) (2.8) (-1.2)
 INTERCEPT - 1.59 - 5.84a - 1.87
 (- 1.S) (-4.8) (-1.1)
 Note: All coefficients are expressed relative to the non-adoption of both computer technologies. Numbers in
 parentheses are i-ratios.
 " Significantly different from zero at the 5% level.
 PCINC is county average income for resident
 county.
 Empirical Results
 The results from fitting the multivariate logit model
 of adoption to 2,381 observations are reported in table
 1.7 The outcomes refer to adoption of purchased com-
 puter services only, of a microcomputer only, and of a
 microcomputer and purchased computer services. The
 coefficients reported in these columns are estimates of
 the marginal effects on the natural logarithm of the
 odds in favor of adopting the outcome indicated at the
 top of the column relative to not adopting either inno-
 vation.
 Farmer's schooling has a large positive and signifi-
 cantly different from zero effect on all computer tech-
 nology adoption decisions. Completion of an additional
 one-half unit of schooling increases the loge odds by
 55% that a farmer adopts a microcomputer only rela-
 tive to not adopting either computer technologies. The
 increase in loge odds for adopting both computer tech-
 nologies is 0.42 and for computer services only is 0.26.
 Therefore, farmers' schooling is one of the most impor-
 tant variables explaining computer technology adop-
 tion.
 An increase in farmer's age causes a reduction in the
 probability of adopting all combinations of computer
 technologies. The marginal effect of age is linear in
 AGE and is evaluated at the sample mean. An addi-
 tional year of age reduces the loge odds of adoption by
 2.5% to 3.5% for joint technologies (relative to non-
 adoption) evaluated at the sample mean. Thus, the
 results suggest that the probability of adopting com-
 puter technology by farmers is largest for the youngest
 farmers, other things equal, and decreases as they
 become older. Furthermore, they imply a rapidly de-
 creasing odds of adopting both a microcomputer and
 purchased computer services relative to adopting nei-
 ther one (i.e., the coefficient of AGESQ is significantly
 different from zero).
 The results show that the presence of a dairy enter-
 prise causes a large (93%) increase in loge odds of
 adopting purchased computer services only. A smaller
 increase (74%) in the loge odds of adopting both a
 microcomputer and purchased computer services also
 occurs. Operating a dairy enterprise does not have a
 7 The equation was fitted using the program PCCARP which
 was developed by the Iowa State Statistical Laboratory, Ames,
 Iowa.
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 significant effect on the loge odds of adopting a micro-
 computer only.
 Greater farm complexity increases the loge odds of
 adopting computer technologies. The largest marginal
 effect (0.405) is on the loge of adopting both a micro-
 computer and purchased computer services. Thus, a
 microcomputer and purchased computer services are
 complementary inputs on farms having complex farm-
 ing activities.
 Although an increase in farm size (ACRES) has a
 positive effect on the loge odds of adopting computer
 technology, the coefficient is not significantly different
 from zero at the 5% level. These results are surprising,
 and attempts were made to refit the model with
 ACRES2 included as a regressor. All of these attempts
 failed; the likelihood function refused to converge.8
 The results suggest that farmers who participate in
 off-farm work have a lower odds of adopting computer
 technologies. The largest reduction occurs for the
 probability of adopting a microcomputer only. Smaller,
 but not significant, reductions occur in the probabilities
 of adopting both technologies and adopting purchased
 computer services only.
 The results provide only weak support for the idea
 that a reduction in transactions costs associated with
 buying and learning to use a computer or computer
 services increases the loge odds of farmers adopting
 computer technologies. Farms that are located in a
 county having a city of 10,000 or more (URBAN) do
 not have a significantly higher odds of adopting com-
 puter technology than other farmers. Location in a
 county with larger average personal income (PCINC)
 results in a higher odds of adopting a microcomputer
 only, but does not have a statistically significant effect
 on adoption of purchased computer services or of
 adopting both.
 The crop price index (CPRICE) and cropland rental
 rate (RENT) have statistically weak effects on the odds
 of adopting computer technologies.
 Conclusions
 The characteristics of a farmer-schooling, age,
 off-farm work-were shown to be important variables
 for explaining the odds of adopting purchased com-
 puter services only, a microcomputer only, and both
 computer technologies. An additional unit of a farmer's
 schooling, however, has the largest impact on the odds
 of adopting a microcomputer only. The complexity of
 farm business decision making is an important farm
 characteristic affecting computer technology adoption.
 Farms with a larger value of the complexity index have
 a higher odds of adopting all combinations of com-
 puter technologies, but the largest effect is on adopting
 both a microcomputer and purchased computer ser-
 vices. Thus, by considering all possible combinations of
 these two computer technologies, we have learned
 whether a given explanatory variable has its largest
 impact on adopting only one or both technologies.
 Finally, the adoption of computer technologies seems
 to occur with highest probability in those environments
 where they can be expected to greatly enhance techni-
 cal and (or) allocative efficiency of business operations.
 x Because acreage operated is one component in defining
 farm decision making complexity, some multicollinearity un-
 doubtedly exists between ACRES and FMCMPX.
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 GEOGRAPHICAL INTEGRATION AND THE RETAIL CD-PRICING DECISIONS
 OF LARGE DEPOSITORY INSTITUTIONS
 Elizabeth S. Cooperman, Winson B. Lee, and James. P. Lesage*
 Abstract This paper focuses on the six-month retail certifi-
 cate of deposit (CD) rates of large depository institutions in
 six major cities during 1983-1988 to test the integration of
 their retail CD markets. Using Granger's (1986) concept of
 co-integration, we find a long-run equilibrium relationship
 between the city CD-rate offers and the six-month Treasury
 bill rate. After filtering out this relationship, a vector autore-
 gressive model is employed with Granger (1969) causality tests
 to determine the significance of intercity rate dependencies.
 Our results indicate an increasing number of intercity rela-
 tions over time, consistent with an emerging integrated mar-
 ket. Since our sample represents a subset of bank CDs for the
 largest firms operating in six of the nation's largest cities, the
 results should not be generalized to other smaller bank mar-
 kets, CD maturities, or bank products. The periods examined
 are also close together in time, which could affect the robust-
 ness of the results.
 I. Introduction
 Traditional depository institution regulatory policy,
 based on a structural analysis of local markets, gener-
 ally operates under the assumption of the U.S. banking
 system as a collection of segmented markets versus an
 integrated national banking system. Studies examining
 deposit price/concentration relationships for a broad
 cross-section of banks are consistent with this assump-
 tion (see Berger and Hannan, 1989a,b; and Neumark
 and Sharpe, 1989). From this perspective, banks and
 thrifts in local regions have little or no effect on the
 pricing decisions of firms operating in other localities.
 With imperfect information provided across regions,
 such a collection of markets would not be as efficient
 as an integrated system operating in a single market. A
 segmented banking system may exist as a consequence
 of previous regulations restricting banks to operate in
 local areas, or as a function of the particular nature of
 institutional transactions which occur directly between
 depository institutions and the public in a direct search
 versus an organized market (see Osborne, 1988).
 In contrast to the traditional policy view, some re-
 searchers have challenged the assumption of seg-
 mented bank markets. Black (1975) notes that even in
 a regulated environment, banks are able to create
 loopholes to allow them to operate as if they were in
 an efficient, unregulated, competitive environment. The
 nature of banking markets may also differ for different
 banking activities and types of banks. Large banks have
 been observed by researchers to operate in national
 markets for negotiable certificates of deposit (CDs), as
 well as for large business loans (see Oxborne, 1988,
 and Fama, 1985). Since loans and negotiable CDs
 typically involve large sums of money, search and trans-
 action costs may be small relative to the opportunity
 cost of not seeking the best rate available.
 In the deregulated banking environment of the 1980s,
 some bank retail deposit markets may also be better
 characterized as integrated markets. As of October
 1983, all depository institutions were permitted to offer
 competitive market rates on interest-sensitive deposits,
 including retail certificates of deposit (CDs). With
 greater dependence on purchased funds to finance
 asset growth, many institutions have used national ad-
 vertising and brokers to attract nonlocal retail (in-
 sured) deposits. In particular, large thrifts attempting
 to grow out of insolvency under "bet the bank" strate-
 gies have been active in seeking out-of-state retail
 deposits by offering rate premiums (to compensate
 depositors for potential costs associated with FSLIC
 foreclosure) and packaging deposit funds in amounts
 less than $100,000 to effectively trade on their deposit
 guarantees (see Kane, 1989). Agencies have also devel-
 oped to provide national deposit rate information for
 the nation's largest banks and thrifts.
 An examination of the integration of bank markets is
 important to bank managers, analysts, and regulators
 in terms of defining relevant markets and measuring
 the competitive effects of greater deregulation. This
 study provides a preliminary analysis of retail CD mar-
 kets by focusing on the six-month retail CD rates of
 Received for publication January 23, 1990. Revision ac-
 cepted for publication July 27, 1990.
 * University of Baltimore, University of Georgia, and Uni-
 versity of Toledo, respectively.
 The authors wish to thank Warren Bailey, Hung Gay Fung,
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 Copyright ?D 1991
This content downloaded from 129.186.176.217 on Fri, 18 Nov 2016 15:38:11 UTC
All use subject to http://about.jstor.org/terms
